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ELECTRIC HELD MEDIATED DNA 
TRANSFORMATION OF PLANT CELLS AND ORGANELLES 

BACKGROUND OF THE INVENTION 

Improvement of heritable eharaeteriaties of plants in general and 
crop plants in specific has classically been effected .genetic crosses. 
That is, the pollen of one plant has been used to fertilize the eggs of 
another plant, thereby allowing for the possibility of selecting a plant 
which displays the good qualities of each of the plants. Such classical 
genetic manipulation depends upon the ability of the two plan& to 
interbreed. 

If a beneficial characteristic exists in a plant* and it is 
desirable for a second plant to acquire that characteristic, the two 
plants must be able to hybridize (i.e., interbreed). However, even then 
the progeny may not display the desirable charaetwistics of both pAr«^ 
ents or, if they do, other qualities may be effected or impaired. It 
would be advantageous, therefore, if there were a means of introducing 
a specific characteristic into a plant so that one could effect plant 
improvement in a planned and predictai>le way. 

Currently, effwts are being made to introduce a speelfle charac- 
teristic into a higher plant by co-cultivation of plant cells with bacte- 
ria of the genus Agrobacterium . Such bacteria bransfer plasmids to 
the plant cells, a specific portion of which (the T-DNA) gets incorpor- 
ated into the plant genome. By engineering the gene (DNA) for a 
desired characteristic into the T-DNA portion of an Agrobacterium 
plasmid, one can subsequently introduce that genii into a plant in a 
stable way. However, only certain dicotyledonous plants are susceptible 
to infection by Agrobacterium . There is a need for a general method 
for introducing DNA into plant cells of a variety of types. 
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SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a method for 
introducing DNA into plant cells and organelles. 

It is a further object of the present invention to provide a 
method for stably introducing genes to plant cells and organelles. 

It is a further object of the present invention to provide a 
method for generating whole plants which have stably incorporated^ 
introduced DNA. 

It is yet another object to provide a method of introducing DNA 
into plants which are able to transmit the introduced DNA to 
succeeding generations. 

In accordance with the above obJectSy one aspect of the i^esent 
invention provides a method of Introducing DNA into plant cells or 
organelles comprising mixing the plant cells or organelles and the DNA 
in a suitable medium, and treating the plant cells and organelles and 
DNA mixture by subjecting it to a pulsed electric field of at least 
about 0.01 kV/cm. 

In another embodiment, the electrically treated mixture of plant 
organelles and DNA is reintroduced into plant cells. 

In another embodiment, the electrically treated mixture of plant 
cells and DNA is incubated in the presence of plant harmones to pro* 
vide a transformed plant cell. 

The present invention provides a method of introducing DNA into 
plant cells which can be regenerated into plantlets and which can 
transmit the introduced DNA to succeeding generations. The present 
invention can be employed to introduce DNA into either mono- 
cotyledonous or dicotyledonous plants or their organelles. 
DETAILED DESCRIPTION OF THE INVENTION 

According to the present invention, high-voltage electrical pulses 
are applied to plant cells or organelles in the presence of exogenous 
DNA. Such electrical treatment induces a change in the permeability 
of the plant cell or organelle membrane to DNA, resulting in an 
increase in the amount of uptake of DNA across the membrane. 
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Organelles can be reintroduced into plant cells following elec- 
troporation by microinjection or polyethylene glycol-induced fusion. 
Such techniques are known in the art. Electroporation may also be 
used to affect reintroduction of organelles into plant cells. The DNA 
which plant cells take up can be stably maintained through subsequoit 
generations. Such plant cells can undergo somatic embryogenesis and 
express genes from ac^iired DNA. 

The invention contemplates the use of (dant cells and CMrganeUes 
generally. Such cells and organelles may be derived from multicellular 
plants or from unicellular plants. The individual plant cells may carry 
their complete cell wall Intact^ or they may have a cell wall which 
has been partially or totally removed. 

In one specific embodiment of the invention, the plant cells to 
be electrically treated are in the form of protoplasts. Protoplasts are 
cells from which the cell wall has been removed, leaving the plasma 
membrane as the cells* outermost boundary. This embodiment is appli- 
cable to any plant from which protoplasts can be made. These include 
both monoeotyledonous and dicotyledonous plants and unicellular plants 
such as algae, yeast or other plants such as ferns. 

Protoplasts are formed generally by inetdMiting plant cells witti 
enzymes such as cellulase and hemicellulase to to remove the cellulosic 
cell walls from the cells. This is done in an isosmotic medium so 
that the cells do not lyse after they have lost the mechanical support 
of the cell walls. Typically, the medium will contain high concen- 
trations of sugar swBh as 500 to 600 mM sucrose, sorbitol, or mannitol. 
Other means of removing the cell walls of plant cells while retaining 
the integrity of the cells can be used and include chemical, mechanical 
or other enzymatic means. 

DNA suitable for use in the present invention can be derived 
from any suitable source, including bacterial, fungal, plant or animal 
donor cells. The only requirement is that the donor cells contain the 
DNA which one desires to introduce into the plant cells. Such DNA 
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can be native to the donor eells or can be the product of recombinant 
DNA technology* Such DNA may be in the form of a plasm id, virus 
or organelle. Alternatively, only parts of plasmids» viruses, or 
organelles may be contained in the DNA« As a result of recombinant 
DNA technology, the DMA may carry exogenous DNA from a plant, 
fungal, animal or bacterial source. Exogenous DNA is defined for the 
purposes of the present invention as DNA which is originally derived 
from another organism. 

The DNA can be prepared by any of a variety of techniques 
well-known in the art. For example, if the DNA is bacterial or is 
carried on a bacterial vector, it can be prepared by growing bacteria 
such as E. coli or A. tumafaciens. Bacteria are generally harvested 
from their liquid growth medium by means of centrifugation. Typi- 
cally, they are then lysed by means of detergent, enzymes, or a 
combination thereof. Various techniques can be used to purify the 
class of DNA molecules desired. For example, if a plasmid is desired, 
a quick denaturation-renaturation can be used to irreversibly denature 
chromosomal DNA. The denatured DNA can then be precipitated with 
salt, leaving the native plasmid in solution. Optionally, the DNA can 
be purified using bouyant density centrifugation in cesium chloride with 
ethidium bromide. These and other techniques are well known in the 
art. 

Suitable DNA fw use in the present invention can be either lin- 
ear or circular in physical form. Irrespective of the immediate source 
of the DNA, it can additionally contain exogenous DNA which has been 
acquired through recombinant DNA technology. So, for example, 
plasmid 'DNA can be used in the present invention which has been 
grown in yeast but which contains a bacterial drug-resistance gene, 
acquired via recombinant DNA technology. A suitable DNA molecule 
which may be used as a vector is derived from an Agrobacterium 
tumor inducing (Ti) plasmid. It is advantageous that the virulence 
genes of such a plasmid be inactivated or removed by mutation if 
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teratomous growth Is not desired. It is also desirable that DNA 
molecules to be introduced contain the T-DNA region of Agrobactq^tum 
tumafaciens or A. rhizogenes* Such DNA regim allows for the stable 
inMrtion of introduced DNA into the host plant's genome. Other 
means for accomplishing stable insertion of introduced DMA are 
compatible with the invention, including use of contiguous segments of 
DNA from the host to flank the DNA whose Insertion is desired. 

Generally, any ratio of DNA to ceUs or organefles may be used 
in the electrical treatment. However, it wlU often be desirable to 
maximize the efficiency of the process. Optimization of the ratio of 
cells to DNA can be performed for any particular set of circumstances 
by routine tests, as known to those skilled in the art. For example, 
it has been found that protoplasted carrot cells and DNA can be 
mixed at a ratio between about one microgram of DNA per 10^ cells 
to about 200 micrograms of DNA per 10^ cells. Preferably, they are 
mixed at a ratio of between about 5 and about 20 micrograms of 
DNA per 10^ cells. 

A suitable medium for the electric treatmmt of the protoplasts 
or organeUes is one which is buffered, contains 'magnesium, and is 
isosmotic. For example, Wong and Neumann's F-medium ( Biochemistry 
and Biophysics Research Communications> YoL 107, pp. S84-587, 1982; 
Krens et al. Nature 296, 72-74, 1981) has been found to be particu- 
larly well-suited for this purpose. Other media may of course be used 
and such determination can be made in any particular case by routine 
tests. 

Generally, it is desirable to keep the mixture of plant cells or 
organelles and DNA cold before electrical treatment. Although the 
temperature range can be lowered, depending on the freezing tempera- 
ture of the medium, suitable temperatures are below those at which 
degradative enzymes function and above those at which ice crystals 
form in the medium, for example, from about -15*0 to about 10*C. 
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Generallyt it is desirable to hold the mixture at a lowered tem- 
perature for a short period before electrical treatment; the period can 
range from a few minutes to a few hours and is not thought to be a 
critical parameter. TypicaUyi the protoplast (or cell or organelle) and 
UNA mixture is kept at between about «10^C and S^C for between 
alHmt 5 and 10 minutes before and after electroporation. Although the 
applicants do not wish to be bound by any particular theory, it is 
believed that the short holding period allows for association of the 
membrane with the DNA, and Increases the amount of DNA uptake. 

The mixture is typicaUy held at about O^C up to room tempera- 
ture during the electroporation, although the same ranges and consider- 
ations apply to the treatment as to the holding period. This may both 
reduce the chance of degradation of the DNA and keep the membrane 
in its more permeable conformation. 

Electrical treatment can be carried out employing existing 
equipment. Generally, the electrical treatmeaPs strength and duration 
are determined for a particular set of cell or organelle type and DNA 
source by routine testing. Optimization of these parameters are weU 
within the skill of the art. For example, for carrot protoplasts and 
an Agrobacterium plasmid, it has been found that electrical pulses of a 
six microsecond duration with a two microsecond interval between each 
pulse are suitable. The field strength can vary from about 0.1 to 
about 5 kV/cm. 

After electroporation, the plant cells can be incubated at tem- 
peratures and light r^mes which are conducive to their growth. For 
example, carrot protoplasts are generally kept between about 20 •C. and 
about aa^C with a photoperiod of approximately 12 hours. The growth 
medium will generally contain plant hormones necessary for growth 
such as auxins and cytokinins, at concentrations of between about 0.1% 
and about 2%. At an appropriate time for the species being used, 
plant hormonea can be removed from the growth medium to stimulate 
somatic embryogenesis. For example, at about 8 to 14 days after 



wo 87/06614 



PCT/US87/00974 



- 7 - 



protoplasts are made and eieetroporation performed, carrot plant eeUs 
become hormone-independent and plant hormones can be removed from 
the medium. 

After eieetroporation, organelles can be reintroduced to 
protoplasts. This can be accomplished by any of the means known in 
the art, such as polyethylene glycol induced fusion and mieroiojeetion. 
Eieetroporation may also be used to make the plant cells more 
permeable to organelles. 

Although the words "plant protoplast" have been used above, it 
is to be understood that fuU protoplasts are not necessary, but par- 
tlaUy protoplasted cells or whole cells may also be used in this inven- 
tion. It is also to be understood that the mechanism by. which this 
invention works is not known. The use of the term "eieetroporation" 
for the process merely refers to the high-voltage electrical treatment 
of the cells described herein and does not presume a theory or 
mechanism. 

The foUowing examples are intended for iUustrative purposes only 
and are not Intended to Umit the scope of tills invention. 

EXAMPLE S 

Example 1 

This example sets forth the method employed for preparation of 
carrot protoplasts. It is essentially as described in Gram bow et al. 
Planta, VoL 103, ^ 348-3S5, 1972. 

Rapidly growing, three-day old D. carota liquid suspension 
cultures were treated by the enzymes cellulase and hemiceUulase to 
remove the cell waU. This was performed in a medium having suffi- 
cient osftiotic pressure to maintain the cells or protoplasts intact 
without lysis, in this case due to 0.6 M mannitoL After enzymatic 
digestion, only the eeU membrane remained as the outer boundary of 
the protoplast. Differential eentrifugatlon in 0.S M sucrose was used 
to separate the protoplasts from the degraded part of the eeU wall. 
Protoplasts were finally resuspended in F mediumt 20 mM MgCl2» 140 
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mM NaCl, S mM KCl, 0.75 M NaHP04, S mM glucose, O.S M sucrose, 
pH 7.S. 

Example 2 

This example demonstrates the effect of various electrical field 
stragths on the uptake of radiolabeled DNA by carrot protoplasts. 

Carrot protoplasts were prepared from suspension cultures and 
resuspended in F medium^ as described in Example 1. Radiolabeled 
DNA was prepared by nick translation of plasmid pUCD9k3 to a spe- 
cific activity of 1 x 10^ dpm/ug with [32p]dTTP as described by 
Rigby et aL, Journal of Molecular Biology» YoU UZp pp. 348*3559 1977. 

The protoplasts and radiolabeled DNA were mixed at a ratio of 
about 4 X 10^ DNA molecules per protoplast. In addition, calf thymus 
DNA (50 u/ml) was added as carrier. The mixture was incubated at 
O^C for 5 minutes prior to being subjected to the electric field 
treatment. The precooled vessel in which the mixture was electrically 
treated was a *^Z00 uM Precision having two platinum electrodes 20 
microns in diameter separated by a distance of 200 microns. The 
power supply used was a "GC A/Precision Z^IOOO''^ The field strength 
was varied over a range of 0 to 4 kV per centimeter. The total 
duration of the application of the electrical field was 36 microseconds, 
consisting of six 6us pulses. 

After electrical treatment, the mixtures were kept at O^C tot 
10 minutes, after which they were warmed to room temperature. 
DNAse I, obtained from Sigma Company, St. Louis, Missouri, was added 
to the mixture at a concentration of 0.4 ug/ul and digestion was per- 
formed for 30 minutes at 30 to degrade all DNA remaining 
extracellular ly. The protoplasts were then washed two times with 
Gamborg's B5 medium ( Experimental Cell Research , Vol. SO, pp. 
1S1-1S8, 1968) plus 0.5 M sorbitol, and then lysed with trichloroacetic 
acid by adding an equal volume of 10% solution. The lysates were 
filtered through glass fiber filters (Whatman GF/C) which retain 
precipitated macromolecules, and washed with additional trichloroacetic 
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•eid. Tiw radioactivity ramalning on each flltar, rapranntiiig tha ONA 
takan up by tlia protoplasts, was eountad In a Baekman LS-7800 
seintiUatioo eeuntar. Basad on tha spaaifle activity of tha Ubalad 
plasmid ONA, tha numbar of plasmld molaoulas ineorporatad par 
protoplast was ealeulatad. Tha rasults ara aliowa In Tabla l. 

Tabla 1 

Numbar of pUCDSkS 
»f Pulsas DNA molaeulas par 

protopiast 



Fiald Strangth 
(kv/em) 


Numbar 

«U8) 


0 


0 


0.S 


6 


1.0 


6 


1.5 


6 


2.0 


6 


" 4.0 


6 



1.6 
9.9 
3.0 
2.2 
2.3 
S.4 

Tha uptaka of radlolabalad plasmld ONA was stimulatad appraii- 
mataly savan fold by traating protoplasts for 36 mlerosaoonds at a 
fiald strai^ of 0.6 kV/em. 
Examrta 3 

This axampla daaeribas tha mathod of raganaraUon of protoplasts 
aftar alaetroporation. 

Tha protoplast and DNA mixtura was ramovad fh>m tha alae- 
troporation vassal to tha praeoolad lid of a plastle patrl dish in 10 
mierolltar aliquota and kapt at 0*C for 10 rolnutas. An aquivalant 
voluma of Gamborg's BS eultura madium (20 g/1 of suerosa, 36.4 g/1 
mannltol, 0.3 g/1 riboaa,- 1 g/l easamino acids^ 0.2S gA CaCl2i I mg/l 
2,4-dlohlerophaneiqr aeatie aeld and 2 mg/l ktnatin) was addad to aaeh 
aliquot. Tha lids wara Invartad to eraata hanging drop culturas, and 
incubatad for 6-14 days at 26*C with a 12 hour photopariod at 300 
lux. Tha calls wara than transfarrad to sterOa polypropylana tubas and 
washed twice with Gamborg's B5 culture madluffl without hornonas. 
Tha calls wara rasuspanded In 10 ml BS eultura madium without hor- 
monas and taransfarrad to 6 cm tissue eultura platas. Tbasa calls wara 
f^thar incubatad at 26*C with a 12 hour photopariod. 



SUBSTITUTE SHEET 
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Example 4 

This example, like Example 2, demonstrates the effect of various 
electrical field strengths on the amount of DNA taken up by D> carota 
protoplasts. However, unlike Example 2, the means of dete^etion of 
DNA which the protoplasts have incorporated is biologicaL 

The DNA used in this example is pTiCSS, an Agrobacterlum 
tumor-inducing plasmid. When incorporated into a plant cell, pTiCSS 
DNA causes hormone-independent growth of somatic embryos, which 
have a teratoma-like appearance. 

Protoplasts were prepared as in Example 1 and subjected to an 
electric field as in Example 2. However, plasmid pTiCSS DNA was 
added to each sample to a final concentration of 10 ug/ml, rather 
than adding radiolabeled DNA. The number of teratoma«*like embryos 
was determined 45 days after electric pulse treatment. 

The protoplasts were regenerated following their treatment with 
pTiCSS and electrical pulses, and then the number of protoplasts which 
were able to survive in the absence of hormones at 6 days post* 
electroporation to yield disorganized calli or teratoma-Uke growths was 
determined. (Cells which have not taken up pTiCSS DNA do not 
survive because they do not achieve hormone-independence until 7 days 
post-electroporation.) The frequency of hormone*independent 
regenerants indicates biologically the number of cells which were able 
to take up DNA and express it. The results of three different 
regimes are shown in Table 2. 

- When no DNA and/or no voltage were used, no t^atoma-like 
somatic embryos were observed. Therefore, the observed changes In 
growth '(hormone-independence and teratoma-dike somatic embryos) are 
totally dependent upon both pTiCSS DNA and application of an electric 
field. 
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TABLE 2 



Field Strength 



Days After 
Electric Field 
Applied that Hormones 
Removed From Medium 



No. of Tetratoma-Uke 
Emtoyos per 108 
Cells per ug DNA 



1.3 
2.0 
3.8 



14 
6 
14 



130 
12i 
163 



Example 5 



This example demonstrates that the electric field treatment of 
carrot protoplasts alone does not effect somatic eihbryogenesis of 
carrot. 



Carrot protoplasts were pr.epared as in Example 1 and subjected 
to an electric field of 2 kV/cm for 36 microseconds in the apparatus 
described . in Example 2. No DNA was added to the protoplasts in this 
experiment. The protoplasts were regenerated into somatic embryos as 
described in Example 3, removing plant hormones from the medium 14 
days after electric treatment. Fortyfive days after electroporation, 
the cells were compared to the non*^lectrically treated control cells. 
No substantial difference was observed between the two cultures, either 
in growth rate or in the number of embryos. At 130 days after 
electrical treatment, both treated and non-treated cultures had 
developed into normal plantlets. This shows that the electrical 
treatment causes no sigiiificant harm to the protoplasts or their 
regenerative capacity, nor does it cause teratoma-like growth. 
Example 6 

The following example demonstrates that the electrical treatment 
of protoplasts does not cause them to be hormone-independent. 

Electrically pulsed and control non-pulsed protoplasts were 
regenerated as above, but the plant hormones w«*e removed from the 
culture medium 6 days after electrical treatment. Forty-five days 
after electrical treatment, no significant growth was observed. This 



wo 87/06614 



PCT/US87/00974 



12 



shows that the hormone-independence of regwerants In Example 4 was 
due to the pTiCSS DNA and not the electrical treatment itself. 

Example 7 

This example demonstrates that the teratoma-Uke callus formed 
by carrot protoplasts which had been electrically treated to take up 
pTICSS DNA make a pTiCSS-determlned metabolic product. 

The plasmid pTiCSS encodes a gene for the enzyme nopaline 
synthase. This enzyme converts arginine to nopaline. To determine 
whether the teratoma-like callus contained nopaline, two assays were 
useds paper electrophoresis and a bioassay. 

Identical weights of carrot plantlet and teratoma tissue were 
homogenized by squeezing betwjeen two metal plates. Cell debris was 
removed by centrifugation. 100 microliters of each of these tissue 
extracts as well as standards of nopaline and arginine ww e applied di- 
rectly to Whatman SHM* paper saturated with electrophoresis buffer 
(Otten, L. and Schilperoort, R. (1978) Biochem. Biophys. Acta, 527 , 
497-SOO). Electrophoresis was carried our for 60 to 70 minutes at 300 
volts per IS centimetre. The paper was dried and then sprayed with 
a fresh alcoholic phenanthrenquinone solution. 

When viewed under short wave UV light, the compounds 
containing free amine groups flouresced. A flourescent spot having 
identical mobility with nopaline was found in homogenates from 
teratoma«like callus; however, no such ^t was detectable in the nor- 
mal carrot tissue homogenate. This confirms the presence of pTiCSS 
DNAr in the teratoma-like callus. 

* 

To detect nopaline via bioassay, 50 mg each of tissue from 
electricaUy treated teratoma-like callus and normal carrot plantlet were 
embedded In M9-agar medium in a petri dish. The medium is a 
buffered salts solution and contains no reduced nitrogen or carbon 
source; therefore, it cannot support bacterial growth. Agrobacttfium 
tumefaciens LBA 4301 Is a strain which can metabolize nopaline, and 
can use it as both a nitrogen and carbon source. A suspension of this 
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strain was s(H*ead on the surface of the agar petri plates containing 
the plant tissue. 

After a 48 hour incubation at SO^C, plates were examined for 
bacterial growth. The plate containing teratomous tissue supported 
abundant bacterial growth, whereas the normal carrot plantiet tissue 
supported little or no growth. This suggests that the teratomous tissue 
can make nopaline. This further confirms the presence of pTiCS8 

DNA In the toratomous tissue. 
Example 8 

This example demonstrates that the teratoma-like callus formed 
by carrot protoplasts which had been electrically treated to take up 
pTiCS8 made a pTiC58-det«mined gme product* 

The plasmid pTiCS8 encodes a gene for the enzyme nopaline 
synthase. The presence of the enzyme activity in the teratoma^Uke 
callus was detected by adding the substrates arginine, Z-ketoglutarate, 
and MADH (the reduced form of nicotinamide adenine dinudeotide) to 
a crude extract of plant tissue. 

The crude extract was prepared by grinding 10 mg of tissue in 
«an equal volume of a buffer containing 10 mM Tris, 1 mM EDTA, 
0.1% cysteine-HCl, pH 8.0. Cell debris was removed by cmtrifugation. ' 

After the substrates were added to the plant extracts, they were 
incubated at 37^C for 4 hours. Twenty ul of the reaction mixture was 
then applied directly to buffer-saturated Whatman SMM"" paper. The 
electrophoresis was performed and the compounds detected as in Exam- 
ple 7. Extracts made from normal carrot plantiet produced no 
nopaline whereas teratomous tissue produced substantial amounts of 
nopaline. This is consistent with the notion that the teratoma-like 
callus contains pTiCS8 DNA and expresses nopaline synthase. 

> ■ 

Example 9 

This example demonstrates the physical presence of DNA 
sequences derived from pTiCS8 in teratoma-like callus formed upon 
electrically treating mixtures of carrot protoplasts and pTiCS8 DNA. 
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Total DMA was isolated from normal earrot plantlets and from 
taratoma-Uke callus derived from pTiCSS transformed earrot protoplasts, 
as follows. The plant tissue was ground in liquid nitrogen and the 
powdered tissue was added to an equal volume of buffer- consisting of 
SO mM Tris-HCl, pH S.0, SO mM EOTA, SO mM NaCl, 2% SOS, and Z 
miA balttHnereaptoethanoL As soon as the mixture had thawed. It was 
extrv^etf with an equal volume of phenokchloroform, Ul (v/v).- Sepa- 
ration of the aqueous and organic phases was facilitated by 
eentrifugation (10,000 rpm for 10 min.). The aqueous layer was 
removed and reestraeted with phendtchloroferm. The resultii« aqueous 
layer was transferred to a bealcer and overl«yered with Oiree volumes 
of 9S% ethanoU High molecular weight DNA was spooled from the 
interface of the aqueous and the organic layers. The spooled DNA 
was washed with 70% ethanol, dried in vacuo, and resuspended in 10 
mM Tria-HCl, pH 7.0, 1 mM EDTA. 

ON A samples were cleaved with 4 units restriction enzyme 
Bamm for 4 hours, and the ONA fragments were subjected to agarose 
gel electrophoresis. The ONA fragments were transferred ftam the 
agarose gel to nitrocellulose filter paper as described by Southern 
( Journal of Molecular Biology . VoU 98, pp. 509-517, 1975). 

The T-ONA containing restriction enzyme Kpnl or III fragment 
(23 idlobasepairs) was isolated and radiolabeled to 1 x 10 ^ dpm/ug 
using alpha (^'PHuideotide and the enzyme ONA polymerase I. 

To hybridize, the radiolabeled T-ONA was denatured and mixed 
with, the nltroeeUulose which contained the OMA ftom the agarose gel 
in 3 X SSC buffer (Oenhardt, Blochemiatry and Biophysics Research 
Oammunieations. VoL 23, pp. 641-646, 1966) containing 46% formamide. 
This hybridization was carried out at 37*C for 48 houn. The filter 
was then washed with buffer, dried, and autoradlographed for up to 
three weela on Kedsle XAR film at -70 *C. 

The radiolabeled T-ONA probe hybridized to ONA fk>agments firom 
the teratoroo-lilce callus tissue, but not to any fragments from the 
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normal carrot plantlot. This hybridizatioa confirms that the 
electrically and pTiCSS-treated protoplasts took up pTlCSS ON A and 
were able to maintain the T-DNA stably through subsequent cell 
divisions. 

While certain specific embodiments of the inirentlon have been 
described with particularity herein, it will be recognized that various 
modifications thereof will occur to those skilled in the art. Th^efore, 
the scope of the invention is intended to be limited solely by the 
scope of the appended claims. 
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CLAIMS 

1. A method of introducing DMA into plant cells or 
organelles comprising: 

. mixing the plant cells or organelles and the DNA in a 
suitable medium, and 

treating the plant cells or organelles and DNA mixture by 
sui^ecting it to a pulsed electric field of at least about 0.01 kV/cm. 

I. The method of claim 1 wherein the plant cells into which 
DNA is introduced are protoplasts. 

3. The method of claim I wherein the mixture of plant cells 
or organelles and DNA are preincubated at between about *15^C to 
about ^10 for between about 2 to about 60 minutes* 

4. The method of claim 1 wherein the mixture of plant cells 
or organelles and DNA are kept at between about -10 and about 
S^C while being subjected to the electric fleld. 

5. The method of claim 1 wherein the plant cells or 
organelles are derived from a dicotyledonous plant. 

6. The method of claim 1 wherein the plant cells or 
organelles are derived from a monocotyledonous plant. 

7. The method of claim 1 wherein the electrically treated 
mixture of plant organelles and DNA is reintroduced into plant cells. 

8. The method of claim 1 wherein the electrically treated 
mixture of plant cells and DNA is incubated in the presence of plant 
hormones to provide a transformed plant cell. 

- 9. The method of claim 8 wherein the transformed plant 
cells are stimulated to undergo somatic embryogenesis by removing 
plant hormones from the incubation medium at an appropriate time. 

10. The method of claim 1 whiMrein the DNA introduced Into 
the plant cells or <^ganelles is circular. 

II. The method of claim 10 wherein the circular DNA is a 
plasmid from the genus Agrobaetq'ium. 
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12. The method of claim 10 wherein the ONA contains T-DNA 
sequences derived from Agrobacterium , 

13. The method of claim 1 wherein the DNA introduced is a 
linear piece of DNA. 

14. The method of claim 13 wherein the DNA contains T^DNA 
sequences derived from Agrobact»ium . 

15. The method of claim 11 wherein the virulence genes of 
the Agrobacterium plasmid have been inactivatid. 

16. The method of claim 12 wherein the viruloice genes of 
the Agrobacterium derived DNA have been inactivated. 

17. The method of claim 14 wherein the virulence genes of 
the Agrobacterium derived DNA have been inactivated. 

18. The method of claim 10 wherein the DNA carries an 
exogenous piece of DNA from a plant source. 

19. The method of claim 10 wherein the DNA carries an 
exogenous piece of DNA from a bacterial source. 

20. The method of claim 10 wherein the DNA carries an 
exogenous piece of DNA from an animal source. 

21. The method of claim 10 wherein the DNA carries an 
exogenous piece of DNA from a fungal source. 

22. The method of claim 13 wherein the DNA carries an 
exogenous piece of DNA from a plant source. 

23. The method of claim 13 wherein the DNA carriers an 
exogenous piece of DNA fkrom a bacterial source. 

- 24. The method of claim 13 wherein the DNA carriers an 
exogenous piece of DNA from an animal source. 

2Sk The method of claim 13 wherein the DNA carries an 
exogenous piece of DNA from a fungal source. 

26. The method of claim 1 wherein the DNA introduced Is a 
viral DNA. 

27. The method of daim 1 wherein the DNA introduced is an 
organelle DNA. 
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28. A method of introducing DNA into plant cells or 
organelles comprising: 

mixing the plant cells or organelles and the DNA together 
In a suitable medium, and 

treating the plant cells or organelles and DNA mixture by 
subjecting it to a pulsed electrical fleld between about 0.01 kV/em and 
about S kV/cm for between about 20 microseconds and about 400 
microseconds. 

29. The method of claim 28 wherein the electrically treated 
mixture of plant cells and DNA is incubated at between about 20^ C 
and about 30 for at least about 5 days in the presence of pUnt 
hormones. 

30. The method of claim 28 wherein the eleetricaUy treated 
mixture- of plant organeUes and DNA is reintroduced into plant cells. 

31. The method of claim 30 wherein the organelles are rein- 
troduced into plant cells by a means selected from the group of 
microinjection, electroporation, and polyethylene glycol-induced fusion. 
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